Abstract: Formation and degradation of Amadori products (APs) originating from the early Maillard reaction during maturation of three different commercial cheeses, namely Cheddar, Emmentaler and Gouda, was investigated. APs were analysed as the corresponding n-(furoylmethyl) amino acids formed after acid hydrolysis. The contents of furosine, which is a hallmark for Amadori products resulting from derivatisation of lysine at the ε-amino group (ε-APs), ranged from 4 to 20 mg/100 g protein, corresponding to 33 to 159 µmol of lysine Amadori product per 100 g protein in the cheese samples at the start of the ripening period. Furosine contents declined during ripening in all investigated cheeses, in which cheese type and the stage of ripening influenced the rate of furosine decline. In contrast to this, all detectable N-terminal APs (α-AP) decreased at similar rates. The mean total content of these substances ranged from 12 to 48 µmol/100 g protein. The ratio between ε-APs and α-APs can be used as an indicator for the cheese ripening.
InTRoduCTIon
During the cheese ripening, numerous biochemical reactions occur, which have a significant impact on the taste, texture and flavour of the final product. Protein degradation to peptides and amino acids is of the particular importance (Marilley and Casey 2004) . Proceeding proteolysis in cheese gives rise to peptide-bound N-terminal α-amino groups, which, in addition to protein-bound lysine ε-amino groups, may react with reducing carbohydrates during processing and storage to yield Amadori products (APs) in the course of the Maillard reaction. During the controlled acid hydrolysis, N-terminal Amadori products of proteins, peptides and free amino acids, respectively are degraded to defined amounts of α-n-(2-furoylmethyl)-amino acids (α-FMAAs), while furosine (ε-FM-Lys) is formed from lysine Amadori products in which the sugar moiety is bound to the ε-amino group (Finot & Mauron 1972; Krause et al. 2003; Penndorf et al. 2007) . Furosine is used as an indicator of heat treatment and storage conditions of dairy products (Finot & Mauron 1972) as well as a marker of ripening in Spanish Manchego cheese . In contrast to furosine, only very few reports exist dealing with N-terminal glycation and the formation of α-FMAAs in dairy products (Penndorf et al. 2007) . The aim of the present study was to investigate the early Maillard reaction during the cheese ripening in different varieties by measuring α-FMAAs and furosine, in order to obtain information about the extent of the N-terminal glycation, and to elucidate whether the ratio between furosine and α-FMAAs may change during maturation of cheese.
MATERIAls And METhods
Three different commercially available cheeses (one 5 week old Emmentaler, one 2 month old Cheddar and one 3 month old Gouda) were stored over a period of 12 weeks at 7°C. Samples were taken in 2-week intervals. Lactose content was determined with a commercially available enzymatic test kit from SCIL-Diagnosticts (Martinsried, Germany). All other chemicals used were of the highest purity available. FMAAs were analysed after acid hydrolysis according to Penndorf et al. (2007) and . Additionally, hydrolysed samples were purified by the solid phase extraction (C18-E, 500 mg, 3 ml, Phenomenex) after concentration under reduced pressure. Determination of furosine, α-FM-Ala and ε-FM-Lys was performened by reversed-phase HPLC using a C8 column with UV-detection at λ = 280 nm. α-FM-Val, α-FM-Leu andα-FM-Ile were analysed by means of the RP-HPLC/UV (C18 column). FMAAs were identified using synthesised reference material according to Penndorf et al. (2007) . The quantification was achieved using an external standard of furosine (Neosystem Laboratories, Strasbourg, France). The protein degradation throughout the maturation period was characterised by the quantification of non-protein-nitrogen (TCA-N) and water-solublenitrogen (WS-N), using the spectroscopic o-phthaldialdehyde (OPA) assay according to Tschager (1994) . Amino acid analysis was performed using ion exchange chromatography with UV-detection at 570/440 nm after the ninhydrin derivatisation (Henle et al. 1991) .
REsulTs And dIsCussIon
Throughout the investigated maturation period, protein degradation of three cheese varieties (Emmental, Cheddar, Gouda) was characterised by means of the OPA assay and amino acid analysis. The analysed Gouda cheese represents a cheese with high levels of free amino acids in comparison to the Cheddar and Emmentaler cheese. At early stages of ripening, the increase in water-soluble nitrogen (WS-N) is more distinct compared to non-protein nitrogen (nitrogen-containing compounds soluble in trichloro acetic acid, TCA-N), indicating the formation of free amino acids up to large peptides. During advanced stages of ripening, the TCA-N/WS-N ratio increases, indicating the elevated synthesis of free amino acids and small peptides (Figure 1 ). Hence, due to an increase in free N-terminal amino groups, new reaction sites result which can be modified by reducing sugars in the course of the Maillard reaction. However, it is known that the amount of reducing sugars continuously decreases during the cheese maturation (Saint-Gelais et al. 1991) , which limits the formation of APs in long-ripened cheeses and may lead to higher values in less-ripened and sugar-rich cheeses. For the Emmentaler and Gouda cheese used in this study, no appreciable amounts of reducing sugars could be detected at the beginning of the experiment. The Cheddar cheese, however, showed higher values of lactose, which decreased from 1.2 g/100 g dry matter (DM) to 0.2 g/100 g DM during ripening. In the investigated cheeses, the determined furosine values ranged from 4 to 20 mg/100 g protein, corresponding to contents of APs between 33 and 159 µmol/100 g protein (Figure 2) . These results are in agreement with the furosine levels reported for industrial soft and hard cheeses (Resmini & Pellegrino 1991; Tirelli 1998; Tokuşoğlu et al. 2006; Villamiel et al. 2006) . During ripening the amount of APs formed from the ε-amino group of lysine (ε-APs) changed depending on the cheese type and the maturation time. Only in the case of cheddar cheese (middleaged), an increase of ε-APs was measurable until week 4 (from 85 to 159 µmol/100 g protein), consistent with the high lactose concentration (1 to 1.2 g/100 g DM). After this time, the level of ε-APs declines continuously in the Cheddar to reach a plateau around 95 µmol/100 g protein after week 12, which is comparable to the lesser ripened lactose-free Emmentaler cheese. Data published by Corzo and Villamiel (2000) for the ripening of Spanish Manchego cheese are in agreement with these results. In contrast, Gouda, the cheese with the highest degree of proteolysis, showed a significant lower but nearly constant level of ε-APs (40 to 50 µmol/100 g protein) during the experiment. Furthermore the amounts of selected α-APs were investigated after conversion to n-(furoylmethyl) amino acids, including α-FM-Val, α-FM-Ile, α-FMLeu, α-FM-Ala and α-FM-Lys. The identification of these substances was achieved by comparing retention time, UV spectra (characteristic maximum at 278 nm) as measured by diode array detection and mass spectra (LC-ESI-TOF-MS) with synthesised reference samples. During the ripening study, the total mean content of α-APs examined declined from 48 to 12 µmol/100 g protein (Figure 2 ), reaching a low plateau after week 10 in all analysed cheeses, independent from the degree of maturation and cheese type, respectively. The ratio of ε-APs/α-APs decreases with the cheese age.
Our results indicate a correlation between the cheese age and AP-levels, that are affected by the concentration of reducing sugars and free amino acids. These observations can be ascribed to proceeding reactions of APs to advanced glycation endproducts (AGEs) as well as to enzymatic degradation processes catalysed by microorganisms. To clarify this question, further experiments are needed.
In conclusion, reaction products originating from the early Maillard reaction at the N-terminal of peptides and free amino acids (ε-AP) were quantified for the first time during the ripening of different cheese varieties. The decrease in the ratio between ε-APs and α-APs observed during proceeding maturation can serve as an indicator of the cheese ripening and age.
